DMSO induced dehydration of heterogeneous lipid bilayers and its impact on their structures.
Recently, we have reported that higher concentrations of dimethyl sulfoxide (DMSO) exhibit an enhancement in the structural ordering of the homogeneous N-palmitoyl-sphingomyelin (PSM) bilayer, whereas the presence of DMSO at lower concentrations leads to minor destabilization of the PSM bilayer structure. In this study, we aim to understand how these two modes of action of DMSO diversify for heterogeneous bilayers by employing atomistic molecular dynamic simulations. A binary bilayer system comprising PSM and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and a ternary bilayer system consisting of cholesterol along with PSM and POPC are the two heterogeneous biomimetic bilayers studied herein. We have simulated both the mixed lipid bilayer systems at 323 K, which is above the main phase transition temperature of the PSM lipid. This study reveals that DMSO exerts contrasting effects on the structure and stability of mixed bilayer systems, depending on its concentration. At 5 mol% of DMSO, the binary bilayer system shows slight disordering of lipid tails in conjunction with an appreciable increase in the area per lipid (APL), whereas for the ternary bilayer system, the orientational ordering of the lipid tails does not alter much; however, a slight expansion in the APL is observed. On the other hand, at 20 mol% of DMSO, an appreciable increase in the ordering of lipid tails for both the mixed bilayer systems occurs, depicting an enhancement in the structural stability of the bilayers. Furthermore, the H-bond analysis reveals that water-lipid H-bonding interaction decreases with increasing concentration of DMSO. We also observe contraction of the water-lipid interfacial region, pointing out DMSO induced dehydration at the lipid head-group region, and the dehydration effect is prominent for 20 mol% of DMSO. Furthermore, the computed free energies suggest that the free energy required for the transfer of a DMSO molecule from the lipid head-group region to the lipid head-tail interface is higher for the cholesterol containing ternary bilayer.